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Introduction and Background
The study discussed in this paper sought to determine the impacts that the gender of lecturers and teaching assistants (TAs) has on students' use of supplemental instruction (SI) within a required general chemistry course for freshman engineers. Previous studies have shown that students who participate in SI tend to perform better in class, as they have additional clarification and exposure to course material. Based on this finding, this study analyzed whether student and instructor gender have an impact on use of SI, and therefore student performance, in a general chemistry for engineers course. The chemistry course evaluated in this study was offered in different sections, taught by either a male or female lecturer and a male or female graduate TA. This division of students allowed for analysis of statistics for use of SI in correlation with gender data.
In STEM fields the gender of lecturers and TAs has a significant effect on student performance in the classroom. Previous studies have reported that students tend to perform better in courses taught by lecturers and TAs of their own gender, particularly when the student is female. [1] Additionally, male students tend to rate male lecturers with higher competency levels than female lecturers, even if the objective quality of instruction is the same. One study, in which an online TA assumed either a male or female identity for two separate classes, confirmed that male students rate the competency of the "male" instructor significantly higher than the "female" instructor for the same level and quality of instruction. [2] Particularly in science and engineering disciplines, same-gender lecturers make students more comfortable in class, which can affect the way students perform in that class. [3] As a result of increased comfort levels, students have a tendency to view same-gender lecturers as role models. [1] [4] Conversely, it has been shown that female students are deterred from continuing their studies when they do not have a female lecturer in their introductory college years to act as a role model. Because there are many more male than female lecturers in the STEM fields, male students often have an easier time viewing their male lecturers as positive role models, reinforcing their confidence towards completing their STEM based degree.
The gender of a student also plays a role in how comfortable the student feels when seeking additional help with coursework and assignments. Asking for help is essential in learning subject material in challenging classes in STEM fields. Use of SI has been correlated with improved student course grades. [5] SI allows students the opportunity to meet individually and in groups with lecturers and TAs, possibly improving their relationship with these instructors and benefitting their overall experience in a course. Even though extra help is offered to all students, the gender of a student can affect their willingness to participate in such SI. It has been shown that asking for help has a negative effect on the perceived competence of males but not of females. [6] Additionally, there exists a stereotype that males are more able to understand concepts in math and science than females. Females are expected to not understand these concepts after an initial introduction, which makes seeking extra help less stigmatized for female students. Conversely, males are expected to express a better understanding of this subject matter upon initial introduction, which may deter them from using SI when they could benefit from it. [6] As with student comfort, the gender of a student also can impact the overall course experience and performance of that student in STEM-related introductory courses. Before beginning college, male and female students are often at the same competency level in math and science. However, once beginning college, female students are 37% less likely to obtain a STEM degree when compared to their male counterparts. [1] This outcome may be attributed to the fact that STEM fields are populated largely by male faculty and students; unintentionally suggesting that female students are both not expected to and should not be majoring in a STEM degree. [7] This environment allows for male students to feel more comfortable and confident in pursuing a STEM-related major compared to their female counterparts. Furthermore, students tend to work with same-gender peers on group assignments out of class. Because there are significantly fewer female students than male students in STEM majors, female students have less opportunity to work with a variety of their peers and improve their overall course performance. [3] For STEM students, particularly female students, self-efficacy -defined as a student's belief in his or her own ability to achieve academic success -is one of the greatest predictors of success in academic coursework. Female students, in general, rate themselves with lower self-efficacy in engineering coursework, even when they are, in actuality, achieving the same or better grades than their male counterparts. [7] According to previous research, there are a variety of factors that influence student self-efficacy and academic self-confidence, including perceived lecturer distance and intimidation. [8] Greater perceived faculty distance reflects a colder, detached, and more impersonal teaching style, which affects the overall classroom atmosphere and contributes to perceived lecturer intimidation. Gender stereotypes also play a part in self-efficacy, as according to traditional gender roles male students are better at math and science while female students excel in the humanities. Thus, female STEM students rate themselves with a lower selfefficacy than their male counterparts. [9] In a study done with STEM students in an introductory chemistry course, women had lower self-efficacies and a lower interest in obtaining a STEM degree after completing the course than their male counterparts. In this study male students, over the course of the semester, also reported feeling an increase in the support they received in pursuit of their STEM degree, in contrast to female students who did not feel an increase in support. [9] This lack of support may be attributed to the classroom environment created by the lecturer. As self-efficacy and interpersonal connection are key motivators of female student achievement and comfort in the classroom, decreased faculty distance and lessened perceived intimidation are critical to student success. [8] [10]
The population for this study consisted of 431 students enrolled during the Fall 2015 semester in a required first semester general chemistry course for engineers targeted for freshmen. This course was offered in six lecture sections, each taught by a university professor: five sections taught by male lecturers and one by a female lecturer. Lecture sections had between 50-100 students and met three times a week in 65-minute blocks. Each lecture section was divided into subsections with approximately 30 students for recitation taught by a TA. Recitation met once a week for 100 minutes and was a required class during which students could review information taught in lecture, ask questions on the week's on-line homework assignment, and take quizzes. Recitations were taught by seven male and two female TAs during the Fall 2015 semester. Students' course grades were determined by a weighted combination of recitation attendance, weekly recitation quizzes, homework assignments, midterm exams, a final exam, and a group project in which students worked together in teams of three to four students to investigate the role of chemistry in addressing a problem of global and/or societal importance.
Students enrolled in this chemistry course had various forms of SI offered to them each week throughout the semester. One form of SI analyzed in this study was lecturer and TA office hours, consisting of hour-long blocks during which attending students could ask questions about lecture material, homework assignments, exams, or group projects. Another form of SI consisted of lecturer-led review sessions, which were commonly held before exams in order to review material, answer questions, and help students prepare for exams.
Methodology
All data were taken from (1) an IRB-approved survey administered to students enrolled in General Chemistry for Engineers during the Fall 2015 semester and (2) grade and attendance information provided by lecturers for these students. Most students surveyed had taken some form of high school chemistry; although a small group of students reported no prior coursework in chemistry. Grades for students who did not participate in the survey were excluded from this study.
Surveys were administered to students during the last meeting of recitation at the end of the semester by a member of the research team during the first ten minutes of the class. Surveys were administered electronically, with the option for a paper survey in the event the participant did not have a laptop or smartphone. In addition, only students age 18 and older were permitted to take the survey, and all students had the option to "opt out" of the voluntary survey. Each student was asked to enter their unique student I.D. number for the survey so that their responses could be matched with pre-surveys and grades. These surveys were the main source of data for this study and were used to gauge students' feelings towards the course as well as identify the significance of additional factors like gender or past history seeking extra help. Below are the questions analyzed for this study. Collected data were analyzed for trends, correlations, and significant differences between populations. Two statistical tests, the z-test and t-test, were used to identify whether populations reported statistically significantly different results. These two tests used the average value for a given population, its standard deviation, and population sizes to determine if a pair of averages were statistically significantly different from one another. A z-test was used when the populations in question were both larger than 30; otherwise, a t-test was used. Averages examined were either proportions, in which case a proportion z-test was performed, or the mean value of the population, in which case a regular z-or t-test was performed. These tests produce a p-value that was compared against a chosen threshold value of 0.05 for statistical significance. If the p-value was lower than this value, the two populations were considered to have statistically different averages or proportions. A one-tailed z-or t-test was used in order to determine if one value was significantly higher than another, and a two-tailed z-or t-test was applied to determine if the two values were significantly different from one another. These tests were used to analyze the data and establish findings regarding the gender of the student and their instructor and the student's use of SI. [11] Results and Discussion Figure 1 presents the distributions of genders for lecturers, TAs, and students. Surveyed students consisted of 314 (73%) males and 117 (27%) females. Four male lecturers and one female lecturer taught the six sections of this course. Most of the enrolled students (80.05%) had one of three male lecturers. Similarly, most of the enrolled students (81%) had one of the seven male TAs. There was one female instructor and two female TAs. Students were not assigned to individual lecture and recitation sections based on their gender or gender of their instructor or TA. No students had both a female lecturer and female TA.
Population Demographics

Gender's Effect on Competence and Comfort
Student responses concerning the perceived competence of and their comfort with an instructor, whether it be their assigned lecturer or TA, were analyzed for patterns, as presented in Figure 2 . Students were divided into populations based on their own gender or that of their instructor. In order to determine whether gender influenced the level of comfort a student felt with an instructor, one-tailed z-and t-tests were performed to determine if male or female students felt equally or disproportionately comfortable with male and female lecturers. It was found, with a pvalue of 0.0068, that male students felt statistically significantly more comfortable with a male lecturer than females did. Conversely, it was not found that either male or female students felt more or less comfortable with a female lecturer. Although there is an apparent difference in the comfort ratings of male and female students with a female lecturer, based on population size and average ratings, the difference is not large enough to conclude that the two are truly different ratings. This outcome suggests that while the three male lecturers inspired a higher level of Figure 1 . Demographics of students, lecturers, and TAs based on gender.
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14 ( Further tests were conducted in order to determine whether gender played a role in the perceived competence of a lecturer or TA, as introduced in Figure 3 . Using one-tailed t-tests, it was found that both the female lecturer and female TAs were rated as statistically significantly less competent by male students than female students, with p-values of 0.03 and 0.05. Such a pattern suggests that male students on average find females to be less competent than males when in an instructor role, although further research is needed due to the limited population size of female SI instructors. Not surprisingly, it was found with a one-tailed z-test that male students rate male lecturers as statistically significantly more competent than their female lecturer counterparts, with a p-value less than 0.001. Among female students, however, such a disparity between the perceived competence of a female vs. male lecturer could not be found. The ratings shown in Figure 2 and 3 highlight how the gender of the instructor can affect how male students perceive an instructor. Whether it is a student feeling more at ease or that student's respect for an instructor's intelligence, gender plays an important role that should be further explored.
Student Acknowledgement of Instructor Gender
Despite the above evidence that instructor and student gender play a role in student perceptions of their learning environment, students may not explicitly recognize the impact of their perceptions. Although information reported by students showed a disparity in student sentiment toward differently gendered instructors, Figure 4 indicates that students were not aware of this effect. In particular, less than 1% of students report not using a specific type of SI due to the gender of the instructor. Whether it is due to fear of choosing what may be deemed a "sexist" survey response or that students do not correlate evasion of an offering of SI with the instructor's gender, there still exists a disparity in sentiments toward an instructor. This leads to the question: does that disparity in feeling also lead to a disparity in a supplemental instruction resource use?
Gender and Supplemental Instruction Use
In order to determine if student ignorance of the disparity in feelings toward differently gendered instructors has an effect on use of a resource for SI, the effect of a perceived intimidating instructor was analyzed. Figure 5 presents outcomes reported by students regarding whether they chose not to use a type of SI because they found the instructor for that resource intimidating. In order to determine if gender and intimidation can be correlated, a one-tailed two-proportion z-test was used. It was found, with a p-value of 0.038, that a statistically significantly higher proportion of students did not use office hours offered by a male instructor than those by the female lecturer reported in the post-survey as due to finding the instructor intimidating. However, this finding bears additional investigation as the low numbers of students that took advantage of any instructor office hours. It is also recommended that a larger sample size of female instructors be used in future investigations to reduce the impact of the individual instructor qualities as opposed to instructor gender.
In order to determine if the gender of the student affected their susceptibility towards intimidation, one-tailed two-proportion z-tests were conducted to compare percentages of male and female students reporting not using a form of SI due to an intimidating instructor, as shown in Figure 6 . It was found, with p-values of 0.0056 and less than 0.001, that a statistically significantly higher percentage of female students reported not using lecturer reviews and office hours, respectively, than their male counterparts when the lecturer was male. This outcome indicates that the disparity in feelings toward a female and male lecturer had an effect on whether a student used a potentially helpful resource. Furthermore, the same outcome was found, with a p-value of 0.003, in the case of office hours offered by male TAs: female students were more likely than their male counterparts to not use this resource due to intimidation. These points, as shown in Figure 6 , indicate that female students may be at a disadvantage when they have a male instructor. Although female and male students did not report statistically significantly different responses regarding use of office hours offered by female lecturers and TAs, the disparity with male instructors could be a handicap for female students. 
Conclusions
It was hypothesized that gender of a lecturer or TA in a freshmen general chemistry course for engineers affects a student's use of SI. This hypothesis was extended to the belief that the gender of the lecturer or TA subsequently may affect students' performance in class. Two main findings resulted from analysis conducted based on these hypotheses. It was found that the lecturer's gender impacts student comfort level. Specifically, male and female students were equally comfortable with a female lecturer; however, female students were less comfortable with a male lecturer than their male counterparts. Male students described their male instructors as more competent than female instructors; but female students on average described their female lecturers and TAs as more competent than male students. These outcomes indicate that the gender of both the student and instructor impacts how a student perceives their instructor. Despite this finding, less than 1% of students reported that the gender of the instructor affected their use of SI.
The second set of findings revealed that perceiving an instructor as intimating affected a student's use of SI, regardless of the gender of the student. This effect was especially true for female students. This may imply that the gender of the instructor impacts the use of a resource for SI. Furthermore, it demonstrates that female students may be at a disadvantage compared to their male counterparts when the supplemental instructor is male. In previous studies it was shown that use of SI strongly correlates with performance in a course. These results point to some factors to consider in improving SI usage and, thus, retention, especially of female students. Having more female lecturers and TAs may give females more options to seek out help with an increased comfort level.
From these findings, future studies are recommended in order to understand further the effects of gender on students' use of SI. Increasing the population of female lecturers analyzed, as well as including female TA and lecturer pairs, would provide a more varied sample as this survey period did not include this combination. Additionally, it is recommended that the effects of gender on other forms of SI available to students be examined. This outcome could be made possible by expanding the scope of the research to other freshman engineering courses with more male and female lecturers. Lastly, partnering with counterparts at other universities can provide additional data to support and augment findings presented here.
